This article reports on a study about how massive open online course (MOOC)-based blended learning designs can be visually represented to facilitate their comprehension and sharing. We carried out an iterative co-creation process with different stakeholders to conceptualise a visual learning design representation model within the context of blending MOOCs with face-to-face courses. The data analysed was derived from questionnaires and the generated representations. Results indicate that the representation enabled educators to easily visualise the overall structure of the learning designs and the relationships between the different design elements, providing a context for fostering reflection and decision-making during the planning of MOOC-based blended learning designs.
Introduction
There is a growing body of research that describes the significant impact that massive open online courses (MOOCs) have had on universities in terms of introducing changes to their teaching and learning (Andone, Mihaescu, Ternauciuc, & Vasiu, 2015) . Specifically, the use of MOOCs as part of face-to-face (f2f) regular university courses has emerged as a new form of blended learning (BL). MOOC-based BL designs have spread taking different forms and combinations (Albó & Hernández-Leo, 2017; Delgado-Kloos, Muñoz-Merino, Alario-Hoyos, Ayres, & Fernández-Panadero, 2015; Pérez-Sanagustín, Hilliger, Alario-Hoyos, Delgado Kloos, & Rayyan, 2017) . But there is still abundant room for further progress in the sharing of these types of BL practices in order to explore their full potential as well as offer more quality learning opportunities to learners.
Whereas a number of studies have found that BL has a positive impact on teaching and learning effectiveness (Garrison & Kanuka, 2004; López-Pérez, Pérez-López, & Rodríguez-Ariza, 2011; Means, Murphy, & Baki, 2013; Moskal, Dziuban, & Hartman, 2013) , others have highlighted that the "studies of effectiveness lack consistency in what constitutes BL environments, and what outcomes are being compared" (Siemens, Gašević, & Dawson, 2015, p. 74) . Thus, there is limited evidence on which pedagogy or technology influences learning outcomes in BL scenarios (Arbaugh, 2014; Littlejohn & Pegler, 2007) . Furthermore, and by extension, very little is known about the best ways of designing effective MOOCbased BL (Bralić & Divjak, 2018) . Research in this area largely appears in the form of case studies composed of long text descriptions, which often provide design recommendations based on the lessons learned. Yet they sometimes omit details about how the blended schema has been articulated (e.g., structure of the course, activity descriptions, technology used, or pedagogy applied). This hinders practitioners who want to understand the reported case, learn from it, or even replicate it -encumbering the effective sharing of the BL practices as well as the evaluation and comparison of the outcomes. Therefore, some studies have reported the need to provide support to practitioners who are willing to implement BL and help them to face the challenges which arise during the process (Albó, Hernández-Leo & Oliver, 2016; Albó & Hernández-Leo, 2017; Moskal et al., 2013; Porter, Graham, Spring, & Welch, 2014) .
In this respect, the field of learning design (LD) might shed some light as one of its main aims is to provide support on "how to represent teaching practice in an appropriate form to enable teachers to share ideas about innovative online pedagogy and think about the process of design" (Agostinho, Bennett, Lockyer, & Harper, 2011, p. 97) . The use of a systematic way of representing BL designs would facilitate their comprehension and would enable sharing and comparison between the outcomes of the different blended LDs to study their effectiveness in a more accurate way and to lead to an improvement of these types of practices. Thus, the main aim of this study was to investigate how MOOC-based BL designs (as an example of complex BL) can be represented visually to facilitate their comprehension and sharing. The article focuses on the following general research questions:
• G-RQ1: What are the necessary LD elements to visually represent a MOOC-based BL design? • G-RQ2: How can these LD elements be articulated in a visual representation to facilitate comprehension of the whole design?
To address these questions, we carried out an iterative co-creation process with different stakeholders to conceptualise a visual BL design representation model for educators within the context of mixing MOOCs with f2f courses. The iterative process was composed of three cycles: (a) creation and evaluation of a first model proposal, (b) creation and evaluation of the second model proposal, and (c) the formulation of the final model based on the evaluation results.
Visual representation of MOOC-based BL designs
Studies over the past two decades have provided important information on how to represent LDs . Although most of the frameworks used by practitioners for describing teaching practices are text-based (Conole & Wills, 2013; Goodyear, 2004) , some researchers have highlighted the potential of visual approaches for representing LDs (Agostinho, 2011) . Conole and Wills (2013) identified three benefits of visualisation: it can support teacher's design thinking; it helps make the design explicit and sharable to others; and it provides a way of representing and articulating the design process. These are part of the reasons why the representation we sought in this study should be mostly visual. However, visual representations also present some challenges regarding the level of abstraction, which we also considered during the conceptualisation of our model. In some cases, graphical solutions can be too abstract for easy interpretation by educators and the time needed to use this type of representation can make their use not worth it -a similar abstraction challenge was well described in the case of pattern language by Winters and Mor (2009) . Thus, it is necessary to find a balance between the capability of the graphical elements of the visual representation to be able to represent the educational practices and level of abstraction.
Most representations combine visual elements with text-based support. However, very few consider and highlight the BL concept as a challenge to be represented. In the meantime, debate continues on providing a definition of BL. Heinze and Procter (2004, p. 11 ) defined BL as follows:
Blended Learning is learning that is facilitated by the effective combination of different modes of delivery, models of teaching, and styles of learning, and founded on transparent communication amongst all parties involved with a course. Littlejohn and Pegler (2007) presented the concept of blended e-learning by defining it as a hybrid model that enables the coexistence of conventional f2f teaching methods and newer e-learning activities and resources in a single course. Nonetheless, they argued that the term can often refer to the proportion of elearning (BL), the mix of media (media blend), or the way in which activities are used together (activity blend). They further added that there is also another way of looking at blending: as a combination of oncampus and off-campus activity -arguing that "the level of student experience with e-learning as well as their location relative to campus can be important factors in determining how, where and when to blend elearning with conventional teaching" (p. 43). Other researchers have claimed that, by definition, education has always been blended, and they have highlighted time and synchronicity as the primary elements of learning environments (Norberg, Dziuban, & Moskal, 2011) .
Turning to the key elements of an LD, most representations draw upon common model elements such as activities (or tasks), people or actors (students and tutors), and resources. Thus, LD representations aim to define how these elements are related to each other, for example, by defining how the activities are sequenced and which actors and resources are involved in them. To achieve this objective, Littlejohn and Pegler (2007) argued that sequencing requires a timeline. Likewise, more authors have highlighted the importance of the time element in designing for learning, stating that a learning sequence is essentially time-based and that it demands a plan (Dalziel, 2003 (Dalziel, , 2015 Laurillard et al., 2013; Pozzi, Ceregini, & Persico, 2016) . Reinforcing the above arguments, a study by Lai, Portolese, and Jacobson (2017) demonstrated that activity sequencing can have a meaningful impact on deep learning and transfer. Accordingly, we think that our model should have time (e.g., a timeline) as one of its main elements (according to which activities and resources are sequenced).
Regarding the resources, it is important to emphasise that the particular representation of the use of MOOC resources was not considered at all when conceptualising the representations listed above (even if in some cases they considered technology-enhanced learning (TEL) interventions). We argue that the complexity of planning and representing BL which incorporates MOOCs is underexplored. Whereas problem-based LDs are considered by Littlejohn and Pegler (2007) as complex blended because of their non-linear sequencing of activities, planning MOOC-based blended courses also presents some challenges regarding time representation. MOOCs are bound to specific time offerings -they usually have registration periods and run during set times with corresponding starting and end dates (there are cases when MOOCs remain open-ended or present other time configurations), often defined by the MOOC platform or by the owner of the course. Thus, these time constraints add complexity to the planning of MOOC-based blended courses, especially when a professor wants to use an external MOOC and needs to combine it with the schedule of their f2f course. In this context, time becomes an even more important factor as a key part of the design process as well as for planning the blended elements in advance. Thus, we argue that MOOC-based BL designs can be considered as complex BL, which need to be carefully planned, resulting in positive institutional transformation when this (together with receiving proper support) occurs (Moskal et al., 2013; Porter et al., 2014) . Therefore, a visual representation of MOOC-based BL designs is deemed necessary as it could help advance the planning and sharing of these types of educational practices by educators.
Methodology

Participants and sample
This study aimed at defining the main structure and elements for the visual model in collaboration with the practitioners and experts. Thus, we carried out two workshops in different contexts scheduled according to opportunity: a teaching innovation conference and a research project event. Participants had different profiles depending on the workshop; 39 people attended (Table 1) . Of the 24 practitioners who attended the first workshop, 13 were staff responsible for supporting the development of MOOCs in their universities; 8 were university teachers; one participant was a university student; one was a researcher; and another was a university staff member with no direct responsibility around MOOCs. All participants were from 10 Catalan universities (six public and four private) and attended the workshop voluntarily when they registered for the conference. Despite the sampling being accidental, the group's main characteristics are shared with those of the population of interest of the current study: people connected and experienced with MOOCs who were interested in learning how to use them in BL approaches on campus .
In the case of the workshop with experts, participants were 15 researchers from four universities (three of them from different regions of Spain), most of whom had expertise in BL and/or LD ( Figure 1 ). Moreover, 11 participants had experience in teaching at undergraduate and/or graduate levels, whereas two of them also had experience at high school level and another two in adult education. Only one participant indicated they had experience in primary school and another one in vocational training. Regarding the years of teaching experience, three of them had 1 year of experience, four participants had between 6 and 9 years of experience, and most of them (seven) had more than 10 years of teaching experience. Despite the model aiming to serve teachers as designers of (MOOC-based) BL scenarios, other roles such as administration, MOOC production, or teaching support may also be involved in this process. This is why all these stakeholders, as well as experts, were involved in the co-design process of the model.
The data collection and analysis followed ethical considerations avoiding harm to participants, respecting confidentiality, and ensuring that their participation was voluntary. At the beginning of the two workshops, we explained the context of the study and sought informed consent from the participants. In the case of the first workshop (where participants were expressing their own BL cases), we asked them explicit permission for sharing the generated artefacts. Therefore, only those designs for which they gave permission have been published in the final instance (anonymised) and used in this study (17 LDs).
Procedure and instrumentation
As described above, the iterative co-creation process for conceptualising the visual representation model was composed of three cycles: (a) creation and evaluation of a first model proposal, (b) creation and evaluation of the second model proposal, (c) the formulation of the final model based on the evaluation results. During the conceptualisation phase of the visualisation model, we used co-creation (Albó & Hernández-Leo, 2018) and carried out two participatory design workshops using paper prototyping (Muller & Druin, 2012; Novick, 2000) activities (resulting in potential artefacts to be analysed). Participatory designers act as facilitators, empowering users in making their own decisions (Clement, 1994) . As literature has reported, including end users as active participants in the technology design process (using participatory design techniques) can be an effective means for improving technology designs (in our case the design of a visual representation) as well as a valuable resource in design-based research frameworks (Bonsignore et al., 2013; Muller & Druin, 2012) . In our study, participants shared and discussed in groups and completed a final individual questionnaire for sharing their reflections with us ( Figure 2 ). First of all, we developed a first visual representation model proposal based on the existing literature about BL, which was used by the participants during the first workshop. Then, at the end of the first workshop, we redesigned the first model based on the workshop results (also with the support of the literature) leading to a second model which was used in the second workshop. Ultimately, the results of the second workshop enabled us to elaborate a final model proposal (see the red boxes in Figure 2 ).
In order to evaluate the two intermediate models, we formulated three evaluation questions, as follows:
• E-RQ1. To what extent is it possible to represent a MOOC-based blended LD using the model? • E-RQ2. Which are the main strengths and weaknesses of the model?
To what extent is the visual model helpful for understanding others' LDs?
The above evaluation questions enabled us to identify the design elements that could contribute to clarifying and facilitating comprehension of the design, and in the process, to discard the ones which could confuse its understanding (answering G-RQ1: What are the necessary LD elements to visually represent MOOCbased BL design?). The evaluation questions were also aimed at validating the articulation potential of these elements within the intermediate models to propose a final visual representation model (answering G-RQ2: How can these LD elements be articulated in a visual representation to facilitate comprehension of the whole design?).
Figure 2. Conceptualisation phase procedure and instrumentation
The aim of the first 2-hour workshop was to challenge each participant to design a BL course using MOOCs. The workflow of the activity was a five-step process described in detail by and involved the use of printed materials. Specifically, a step of the workshop was asking participants to describe their own blended cases and represent them using the first visual representation model.
The main objective of the second workshop, on the other hand, was to explore with the participants how to visually represent blended LDs and how these visualisations can facilitate the understanding of others' LDs. In this event, participants did not work with their own cases. Instead, we prepared description sheets of two cases (using MOOCs mixed with f2f courses) extracted from the literature (see the case descriptions in Appendix 1). Moreover, the main material used was a paper template with the second visual model. The template (Figure 3 ) included the timeline as the main element of the visual representation and an empty space for placing paper activity cards below it. These cards were to be drawn and filled in with stickers by the participants using the legend provided. The second workshop lasted an hour, with the 15 participants working in groups of two or three people using a template per workgroup. The two printed case descriptions were divided equally between the existing groups, in such a way that half of the groups worked with one of the examples and the other half with the other one. Once each group had a case description sheet, they went through the following steps:
(1) In the first step, participants had to read the case provided and represented it using the template sheet -placing the activities and the resources described in the case, using the timeline, and filling in the activity cards (and placing them on the sheet) ( Figure 3 ). (2) After completing the LD template for their case (Figure 4 , left), participants had to exchange the completed templates between work groups and interpret the template produced by another group, by only looking at the visual representation and without knowing the LD case description of the template received as the exchange occurred between groups with different cases. (3) Finally, each group could check if they had understood the template received by looking at the corresponding case description. Lastly, participants were asked to complete a questionnaire providing their insights about the process. 
Data collection, analysis, and ethics
In both workshops, the artefacts generated by the participants served as research data for the study. In the case of the first workshop (with practitioners), we collected the design templates, which included the context and description of the participants' cases as well as their LD representations using the first model. Similarly, the design templates of the second workshop (with experts), which used the second model, were collected for their analysis. Furthermore, at the end of both workshops, we requested participants to complete an online questionnaire to get their insights about the design process using the models (Figure 2 ).
In the questionnaire of the first workshop, we used an open-ended question to ask whether participants had found difficulties representing their cases using the model provided and to seek for suggestions for improving the model.
The questionnaire of the second workshop had six questions as follows:
(1) What difficulties did you find during the design process? (related to E-RQ1) (2) Indicate your level of agreement with: "The visual representation helped me to understand the LD explained in the sheet" (related to E-RQ1) (3) What do you think are the main strengths of the visual representation? (related to E-RQ2) (4) What do you think are the main weaknesses of the visual representation? (tackling E-RQ2) (5) Do you think it provides a useful summary of an LD? (tackling E-RQ1/RQ3) (6) What suggestions would you recommend to improve the visual representation? (related to E-RQ2/RQ3)
The first question aimed to identify the main difficulties of using the provided model for its later improvement. The second question served to evaluate the usefulness of model for others. Finally, the last four questions -extracted from Agostinho (2011, p. 966 ) -addressed the usefulness of the representation.
All questions were open-ended except the second one, which was a 5-point Likert scale of agreement.
The resulting qualitative data from the questionnaires were coded with inductive thematic analysis driven by the research questions of each phase and were cross-referenced to justify interpretations. The main topics were then categorised in order of dominance and triangulated with the artefacts, resulting in a more indepth analysis for corroborating the overall consistency of the findings.
Evaluation of the first visual representation model
The first model is based on a timeline composed of two layers: online and f2f learning ( Figure 5 ). The granularity of the representation is variable, and it is defined between the start and end dates of the module, course, or activity, depending on what the teacher is willing to describe. Within the timeline, the teacher can mark as completely dark the parts of the timeline where the activity is mandatory or use stripes to indicate the parts of the timeline where the activities are optional for the students. In both cases, marking the corresponding layer is needed depending on whether the activity is online or f2f. In the case of this study, the online layer refers to online work which happens in a MOOC or MOOCs since participants of the workshop would report MOOC-based BL cases. By contrast, the f2f learning layer refers to the brick and mortar classes at the university. The use of the timeline as one of the main elements of the visual representation is justified based on the importance of the time element in designing for learning; as some authors state, a learning sequence is essentially time-based and it demands a plan (Dalziel, 2003 (Dalziel, , 2015 Laurillard et al., 2013; Pozzi et al., 2016) . Furthermore, the two layers distinguishing between online and f2f refer to the definition of BL provided by Littlejohn and Pegler (2007) . The importance of setting the obligatory nature of the activities is supported by the insights by Kirkwood and Price (2005) (cited by Littlejohn & Pegler, 2007) , who stated that where the use of new media is optional or incidental, students will typically not value the material presented. Thus, the blended elements could be undervalued, which would affect the overall design effectiveness evaluation. Therefore, we argue that it is an important factor to consider and visualise in the representations of BL designs to ensure an accurate comparison of the final outcomes.
The first evaluation aimed to provide an understanding of the potentialities and weaknesses of the first model, and used the evaluation questions E-RQ1 (To what extent is it possible to represent a MOOC-based blended LD using the model?) and E-RQ2 (Which are the main strengths and weaknesses of the model?).
Results and discussion
All participants were able to represent their cases using the visual model provided with no major challenges (answering E-RQ1). The questionnaire collected only three minor suggestions from the participants for improving the LD template without making direct reference to the visual representation model.
Turning now to the specific information gathered from the LD templates, the most striking result to emerge from the data is that the cases reported present a certain variability regarding how the MOOCs were integrated into the f2f course. The complete design descriptions and their corresponding educational contexts can be seen in Appendix 2 (Table A2 -1). Interestingly, looking only at the text information provided by the participants in the LD template, it has been challenging to group them into similar cases, as from the description and context provided in some designs we did not find enough similarities to be able to put them in a specific group. Surprisingly, the visual representations compiled facilitate the classification of the LDs according to known pedagogical models much faster and easier ( Figure 6 ), allowing for the recognition of the existing variability in the designs in a totally visual way. Looking at the visualisations generated by the participants made it much more effective to classify the designs than only reading the description and context provided (which in some cases were confusing). The four models in Figure 6 have been extracted from the experiences of other researchers with MOOCbased BL designs (Delgado-Kloos et al., 2015) . One of the main strengths of the visual representation model (answering E-RQ2) is that it enables us to understand how the f2f teaching and the online work using the MOOC are related in terms of time, thus facilitating the identification of the models in a visual way. Lastly, the classification in Figure 6 has been done based only on the visual representations; we then checked the corresponding LD text descriptions to corroborate the results. In three designs out of 17 (IDs 1, 4, and 12 in Figure 6 ), the visual representations were somehow confusing, and it was necessary to consult the LD descriptions provided as a complement to the visual representations to finally decide in which model they would be classified. An implication of this is the possibility that anyone can relate an LD to an example of a specific model without the need to be an expert (identifying strength of the model, E-RQ2), facilitating the search for similar designs in a visual, easy and effective way, and avoiding long descriptions.
Regarding the weaknesses of the visual LD representation, some limitations of the model have been detected (addressing E-RQ2). Firstly, it is challenging to visualise cases where the blended part differs from combining brick and mortar courses with online teaching from the MOOC; for example, an online course from a distance university which uses MOOCs, where the f2f contact is left for non-formal hours -although this case can be considered as MOOC-based BL, it is not possible to represent it using the first model as it has only an online layer and it would be necessary to have more than one (i.e., one for the online course and another one for the MOOC). This is the case of representation ID 2 ( Figure 6 ), where the participant indicated, in the annotations next to the visualisation, that she used the f2f layer to represent the online formal teaching part of the course. Secondly, it is important to highlight that although the simplicity of the model makes it easy to use and understand (i.e, a strength), at the same time it is a limitation in the sense of providing detail and depth in the information regarding the represented LD. In addition, the model stays in the surface layer of the MOOC-based blended courses as it does not allow for more depth in the representation of online activities which may occur in the f2f sessions, but which use other online sources different from the MOOC (e.g., virtual learning environment-related activities, online educational applications).
In summary, the results show that it is possible to use the first visualisation template representing MOOCbased LDs (answering E-RQ1). The main strengths of the first model include providing a visual, easy, and effective way of representing the blended LDs, which facilitates their understanding and classification according to existing blended models. However, it has some limitations related to its flexibility and the lack of detail in descriptions or representations of combinations of different types of blended elements beyond the f2f sessions with the MOOC (answering E-RQ2).
Evaluation of the second visual representation model
In the second model, three main changes were made from the first model. Firstly, instead of having online and f2f learning layers, it has in-class and outside-of-class activities (Littlejohn & Pegler, 2007) . Secondly, below these two main layers, there are the resources layers (Figure 7 , layers in grey), which are extendable and can be defined by the designer depending on his/her needs. Lastly, below the activity and resources layers, there is an open space to place detailed descriptions of the activities (using the corresponding template, Figure 7 ). These modifications have been introduced to overcome the limitations of the previous model in relation to the representation of different types of BL which occur in the same course (online activities or resources beyond the MOOCs) and the lack of detailed information about the design (and its activities and resources) that the first model provides. By contrast, in accordance with the positive results from the first model, in the second model, it is still possible to indicate whether the blended activities will be mandatory or optional by placing time indications. (Figure 7) . For each activity, a name or ID and several tasks which are composed (a., b., c., etc.) should be indicated. For each task, the designer can provide four descriptors: the teacher's role (no teacher, supervisor, lecturer, or facilitator); the type of students work (individual or collaborative); the type of task (read/watch/listen, discuss, investigate, collaborate, produce, practice); and the grading mode (not graded or graded). Although the types of tasks have been extracted directly from the literature (Laurillard, 2012) , we have defined the other descriptors according to the definitions and views from the specific literature about BL. The second evaluation aimed to provide an understanding of the potentialities and weaknesses of the second model answering the three evaluation questions E-RQ1, E-RQ2, and E-RQ3.
Results and discussion
Whereas Figure 9 shows the timelines and resources layers of the LD templates filled out by the six participants' teams, Figure 10 presents the activity cards. The two parts of the templates collected have been separated into two figures to facilitate their analysis and comparison (see an example of a complete LD template in Figure 4 . The first step for filling out the visual model template was to separate the timeline into weeks depending on the case descriptions. From Figure 9 , we can see that all teams representing Course #1 separated the timeline into 6 weeks correctly. Moreover, they placed the activities in each corresponding week depending on whether they were in-class or out-of-class exactly how the case was described in the provided paper sheets (see case descriptions in the Appendix 1). By contrast, not all the teams representing Course #2 used the timeline in the same way. Interestingly, Teams #4 and #5 separated the timeline into 5 weeks proportionally, leaving little space for placing the in-class activities during the first week. On the other hand, Team #6 separated the timeline in a non-proportional way, using as much space as possible to describe the activities of the first week and indicating the remaining 4 weeks in a shorter space. This finding may suggest the need for removing the limitation of the paper prototype model (where participants have a static space for representing their LDs) and offering the possibility of a web-based visual model (enabling zooming in and zooming out of the timeline and facilitating the allocation of different activities, especially when they are numerous). Regarding the use of the resources layers, three teams used extra layers beyond the learning management system (LMS) and MOOC ones. Closer inspection of the representations shows that all the participants who indicated resources aligned them according to the activities in which they were used, as well as indicating whether they were mandatory or optional. Overall, these results indicate that all the teams were able to use the timeline as well as the resources layers correctly. In general, the visual representation was used in the expected manner. The results show that it is possible to represent a MOOCbased LD using the model (answering E-RQ1) and that the limitation of the first model -regarding the representation of several online resources in the same blended course -has been solved.
In addition, the results obtained from the representation of the activities (Figure 10) indicate that all the teams were also able to use the activity cards codes and fill out the different task descriptor details. However, some variations between the interpretation of the activities by the teams could be identified. Moreover, we can observe that in three teams (#2, 5, and 6), allocating the type of the task was challenging for the participants because they found that one task could have multiple values for the same descriptor. To face this challenge, they decided to cut pieces of the task circles to create composite tasks, for example, Team #2 (A3: a, c, d; A6: a, b; and A7: a). Figure 10 . Completed card activities extracted from the design templates A possible explanation for these results might be that the participants may have had difficulties in understanding and interpreting the provided case descriptions during the limited time of the workshop. Another explanation could be that the codes for describing the tasks were not clear enough. Lastly, from the use of the activities, we can see that two participants placed the activity cards in the order in which they appear in the timeline (Teams #2 and #6), whereas the other participants put their activity cards in numerical order (Teams #1, #3, #4, #5). This result suggests confusion on how to use the open space for placing the activity cards.
The most surprising aspect of the data from the questionnaire is that 63% of the reported difficulties were related to the LD case descriptions provided (see the complete analysis, the corresponding categories, and participants' excerpts in Appendix 2, Table A2 -2). Of 14 participants, six found the explanations of the cases not clear enough. Three of them highlighted difficulties regarding the allocation of the task descriptors in the activities due to the unclear descriptions of the cases, while the other three had trouble allocating the activities in the timeline for the same reason. On the one hand, this result is encouraging as it is not directly related to any limitation of the visual model. But on the other hand, it indicates that the examples of cases provided to the participants need to be improved for the next workshops. Adding a last note to this, if the participants had been describing their own LDs, they would have had more flexibility in separating the tasks and the problem would have been minimised. Otherwise, 32% of the difficulties were related to the activity task descriptors, specifically to three of them: the teacher's role, the type of student work, and the type of task. Regarding the challenges in selecting the appropriate type of task, other researchers who tested the Learning Designer tool (Laurillard, Kennedy, Charlton, Wild, & Dimakopoulos, 2018) , which also uses Laurillard's (2012) activities taxonomy, reached similar findings, stating that the activities may correspond to more than one existing type (Prieto et al., 2013) . In the case of the other descriptors, sometimes they were not clear enough to be correctly used or some items for describing certain cases were missing (e.g., difficulties in differentiating between the supervisor and facilitator roles or deciding whether a lecture is a collaborative or individual task).
These results corroborate the findings from the artefact analysis, which pointed out that the use of the timeline and the resources layers did not present difficulties, but the cases and the activity cards were a source of doubt for the participants. Regarding the model, further work is required for rethinking and improving the task descriptors and for developing guidelines for using the open space to place the activities.
In the case of the second question of the questionnaire (related to E-RQ3), half of 14 participants who answered the question strongly agreed or agreed (4 and 3 respectively) that the visual model was helpful in understanding the LD of others. However, three participants were neutral, while three disagreed and one strongly disagreed with the statement. These findings may be somewhat limited by the difficulties participants experienced in understanding and representing their cases due to the unclear descriptions and the difficulties they had using the activity descriptors (adding a certain bias to the results). More research is therefore needed here, using an improved version of the representation model.
Regarding the main strengths of the model (answering E-RQ2), we identified six categories according to the frequencies obtained (see the complete analysis, the corresponding categories, and participants' excerpts in Appendix 2, Table A2 -3). Most participants (7 out of 14) recognised the fact that it provides an overall idea of the whole LD in a simple view as the main strength of the model. Four highlighted the potential of the model in facilitating organisation (planning), reflecting about the design, and in making decisions about LD. The last strengths detected were its ease of interpretation (2); its potential for communicating the work to others (1): the time representation and separation of in-class and out-class activities (1); and the visual representation of the activities (1).
In contrast, the main weaknesses of the model (answering E-RQ2) identified by the participants were the allocation of the task types (4), in line with the results discussed above; the limitation of the model for representing complex designs (2); the lack of provision of details (2); the time needed to learn the model and its codes (2); the need for alignment of the activity descriptions with the timeline and the resources (1); and that the use of the timeline is open to errors by the users (1) (the complete analysis, the corresponding categories, and the participants' excerpts in Appendix 2, Table A2 -4). From these results, we can state that although the aim of adding the descriptions of the activities in this second model was to eliminate the limitation of the first model in terms of providing more details in the design, this aspect still needs to be improved. A web-based model (as already suggested) could overcome the limitations of the current model (e.g., offering automatic error feedback and control, especially regarding the use of the timeline, which is now subject to errors as it is a paper prototype). Furthermore, a web-based model could visually align the various elements, such as the timeline, resources and activities, automatically.
Interestingly, a common view amongst participants was that the visual representation provides a useful summary of an LD (Appendix 2, Table A2 -5), a result aligned with the main strength of the model reported above. All the responses to the fifth question (Do you think it provides a useful summary of an LD?) were positive except for one occasion (to which the answer was "partially"), although some of the participants added some positives to their answers: the model is especially useful for complex designs, that it could be refined, or that teachers would need to be trained for using these kinds of representations.
In the final part of the questionnaire, respondents were asked to answer the question of how the visual representation model could be improved. The answers were classified into six categories:
(1) Providing more flexibility for representing the tasks.
(2) Improving the visualisation with significant icons, colour representation and metaphors.
(3) Providing an online version of the model. See the complete analysis, the corresponding categories and participants' excerpts in Appendix 2, Table  A2 -6. Figure 11 presents the final proposal of the design layers of the visual model. Answering G-RQ1 (What are the necessary LD elements to visually represent a MOOC-based BL design?), the main element of the model is a timeline which is composed of two activity layers and an extensible number of resource medium layers. Due to the results obtained in the two evaluations presented in the study, we have decided to use the in-class/out-of-class representation; as we have argued in the previous sections, it allows for the representation of different online type of resources (beyond the MOOC) which can be used in both places (in and out of class). Moreover, in the final proposal, we can distinguish between the resources and the resource medium layers (which indicate the medium through which the resource is provided to the student). For example, a book (resource) would be placed in a physical resource medium layer (as would other physical resources such as paper sheets, laboratory material), whereas a MOOC medium layer could contain a video, an online test, or a web-text resource among others. Regarding G-RQ2 (How can these LD elements be articulated in a visual representation to facilitate comprehension of the whole design?), activities are sequenced on time and situated on the place where they occur (in class or out of class). Resources are aligned with the activities where they are used and placed in the corresponding resource medium layer, informing how they are available (e.g., physical resource, online resource -virtual learning environment, web, cloud).
Final model proposal
Figure 11. Final proposal: visual representation model for BL designs
The results of the last evaluation have led us to the following decisions regarding modifications to some of the task descriptors, as follows:
• Teacher's presence: teacher available f2f, online or not present.
This has been simplified based on the categories used in the Learning Designer tool (Laurillard et al., 2018) and adapted adding the category of teacher available online. • Type of student work: individual, in groups or the whole class.
We have added a new category for being able to represent, for example, the case when the whole class is attending a lecture -the same approach as Dillenbourg (2015) in the orchestration graphs. • Type of task: remembering, understanding, applying, analysing, evaluating and creating.
This has changed from Laurillard et al.'s (2018) categories to Bloom's taxonomy cognitive levels (Krathwohl, 2002) . This allows for the indication of each task in terms of its associated cognitive process levels, avoiding confusion when there is a possibility of representing a task with more than one level. • Grading mode: graded task, not graded, or task for auto-evaluation.
We have added a category auto-evaluation, but further research is necessary to evaluate these categories and address the different possibilities of assessment.
From this study's findings, we argue that with this final model, the designer can consider the impact on space (e.g., the physical location of the students), the impact of time (synchronous or asynchronous) and the level of interaction in a visual way -three concerns which Littlejohn and Pegler (2007) identified as necessary for making design decisions and making LD choices.
Conclusion and future work
The results of the study presented in this research article show the main strengths and weaknesses of the visual representations proposed and are useful for analysing whether the elements provided by the model (the timeline with the activity layers, the resources layers, and the activity descriptors) are valid for visually representing and designing MOOC-based BL courses. The outputs of the workshop have helped to improve the different versions of the model to come up with a final model proposal which allows for a visual representation of blended courses. These results show that the representation enables educators to easily visualise the overall structure of the LDs and the relationships between the different design elements, providing a context for fostering reflection and decision-making during the planning of MOOC-based BL designs. Future work includes the implementation of the model into an LD authoring tool, where an actionable version of the model will be developed, and a computer-supported authoring experience based on the model will be evaluated. The aim of the study was conceptualising a model for visually representing MOOC-based BL designs. Yet it would also be interesting to go further and test whether the model would be able to represent other complex blended cases beyond the use of MOOCs and beyond the higher education context. Moreover, further research might explore whether the representation model can also be useful for students, as it has the potential for showing what teachers but also what students are expected to do -which may help them visualise the total workload at a glance and better plan their courses and be more effective in their learning process. Thus, it can contribute to one of the most important challenges that BL courses need to face: facilitating the necessary alignment of expectations between instructors and students (McGee & Reis, 2012) .
Moreover, future work needs to explore whether and how the model can express synchronicity in a more visual way (Littlejohn & Pegler, 2007; Norberg et al., 2011) and address the requirement of providing a context to the visualisation beyond the fact of representing the activities (e.g., providing details about the topic of the course, the number of students, the educational level). As Goodyear (2004, p. 342) stated, "context is important in helping constrain and communicate the nature of both problem and solution", avoiding over-generalisation. Besides, it would be interesting to investigate how to connect the learning outcomes with the visual representation (Bralić & Divjak, 2018) . More broadly, research is needed to determine the impact of the model in the planning process as well as whether it can serve to communicate LD ideas to others, promoting their sharing among teachers' communities.
Appendix 1
Descriptions of the course cases
Course #1
Context: This course implemented a blended model of learning by merging content from a MOOC with in-class, team-based instruction as part of a required undergraduate circuit theory course. Course duration: 6 weeks course MOOC dates: available during all the 6 weeks.
In-Class Activities A1. Special class session: the 1st f2f session a. The first class session (number 1) was a presentation of the course by the teacher.
A2.
Final exam: the last f2f session a. The last class session (number 12) was the final exam (part of course grade) A3.
Regular class sessions: 75 minutes, twice a week (the first and the last week just once a week, 10 in total) a. Mental ramp-up period (10 minutes): Professor asks questions about students' activity to gauge students' understanding while grad students collect weekly "student online activities survey" and summarize results for the professor to be discussed on that day's class session. b. In-class mini-review lecture (20 minutes): Based on the grad students' survey analysis of online topics marked as "difficult to understand" or "hard" by students that week, the professor reviews the more difficult concepts in class. If no topics emerge as difficult, the professor solves a sample problem that embodies the most important concept of that week's topic. In addition, a summary of the online lectures is distributed to all students twice a week. c. Group quiz (20 minutes): Students work on a group quiz as a team of three. Professor leads and answers questions on strategies for how to solve different types of problems. The group quiz is collected and graded as part of overall course grade. The last 5 min, professor reveals some of the best strategies to solve problem and the solution is distributed among students in class. d. Individual quiz (20 minutes): The individual quiz is given to each student to gauge their understanding of subject material. The quiz is collected and graded as a part of students' final course grade. In the last 5 minutes, the best strategy to solve this type of the problem is discussed (students and professor) with the solution distributed to the students in class. e. Preview for next class session (5 minutes): Preview by professor of next class' material.
A4.
Optional class sessions: 60 minutes, once a week (not including last week, 5 in total) a. An optional, Friday, one-hour, f2f walk-in session (i.e., optional recitation office hour) held weekly by the professor. 
Outside-of-Class Activities
A7.
Mandatory work: after each class session, 10 minutes a. Finally, after each class session, students were given (or could download) an assessment handout for the next class session that asked each student to evaluate their understanding or level of difficulty (i.e., "easy", "elementary", "intermediate", "hard", "advanced") for each of the edX topics to be covered in the next class session. If a student rated a topic as "hard" or "advanced", he or she was required to briefly explain what was difficult or confusing. Students were required to complete this survey before coming to each class and give it to the graduate assistants at the beginning of each class session. The two graduate assistants compiled the results of these surveys during the first ten minutes of each class so that the professor could focus on the most difficult topic areas during the F2F mini-review lecture.
Assessment
The student course grades are based on:
• Outside-of-Class Activities A6. Optional work in the MOOC #2: between the first and the second f2f sessions a. Students were invited to watch four optional videos from MOOC #2. b. And try to develop (individually) two optional games (appearing in the "a" task optional videos) in the online Scratch platform.
A7.
Optional work in the MOOCs: once the f2f course finished a. Students were invited to follow the 2 MOOCs during the 4 weeks after the f2f course.
Assessment
There was no formal assessment as it was a summer course. Students had to deliver a final game developed in teams and present it the last day of the course.
Case based on: Albó, L., & Hernández-Leo, D. (2017, May The MOOC is a part of the f2f subject to vary the teaching methodology and try to make the theoretical part of the subject more attractive, given the high number of students in the classroom and not very high interest in the theoretical class. 4
Training course for trainers. Objective: to promote online innovations for the f2f teaching.
Within the section of activities there is a previous knowledge base that is delivered in a session of MOOCs available (preparation of online activities, use of teaching videos). This section of activities is the basis for design by teachers: to develop their own activities and redesign their f2f courses. 5
Subject on proteins (biotechnology). The MOOC is used to teach the basic and theoretical part of the subject and to be able to do the practical part directly in f2f format. 6
Resources and activities in Moodle for teachers. Collection of reference resources (videos) with practical examples.
f2f sessions combining MOOC content to expand applicability.
7
Subject with many 1st grade student groups (12 ECTS credits).
In the classroom, more generic contents are delivered. On the online platform (MOOC), more specific contents are given on the various topics discussed to promote the collective creation of knowledge among the various class groups -allow students with similar interests to get in touch with peers from their own and other universities. 8
Digital video editing course. The MOOC would be used as an introductory part of the course to explain the basic concepts of the digital edition of video to ensure that participants have the same level of knowledge and that they can arrive prepared to the f2f teaching to address and delve into the practical part. 9
Subject of a university course. Knowledge-levelling MOOC course before starting a subject (for example, finances) in the case of classes with students that come from different disciplines.
The MOOC is a complement to f2f classes. What has been seen in f2f classes is deepened.
10
Master's degree. Optional subject: teacher training in law.
Take advantage of contents and experience in the classroom to work with the flipped classroom.
11
Primary school teaching degree. Optional subject of the ICT degree.
The MOOC was proposed as a voluntary complement to expand knowledge, as a space for debate, as a supplement.
12
Fundamentals of taxation. Compulsory subject of the degree in Administration and Business Management (ADE).
Complementary to existing material. Application of the concept of tax.
13
Training course to teach in English at the university.
The MOOC provides explanatory videos on the material of the course. The f2f part of the course enables teaching staff to attend the specific needs of each individual teacher attending the course. It enables students (who are teachers) to have quality personal attention with the trainer and colleagues. 14 A course on the characteristics of Catalan literature of the XVIII century.
The MOOC would be compulsory for the students, who would have to do it before the f2f classes began. The course would give students the theoretical basis on the context of Catalan literature of the XVIII century so that the classroom can be more practical and focused on the subject itself. During the course there will be optional content in the MOOC.
15
Postgraduate course in Emotional Education and Welfare. Blended. Produce some modules in a MOOC format to serve as an introduction.
MOOC is not combined much with the f2f component. The MOOC will be the introduction of the postgraduate course.
16
Within a subject of introduction to ethics. Introduce a part of the content that is more practical.
A part of the syllabus that aims to be more interactive (bioethics, examples, and problems) is delivered to the students in the form of a MOOC that will collect practical cases presented in videos.
17
Master in Neuroscience and Nanotechnology. Compulsory assignment of 5 ECTS credits, "Characterization and manipulation of the nanoscale".
Each topic of the MOOC is used as introductory material of the same topic of the f2f course. The questionnaires implemented in the MOOC are worked on in class and the subject is broadened. The new questions or extension material could be incorporated into the MOOC to enrich it with different levels of difficulty. "The precision of the descriptions was not enough in some cases." "Some explanations were unclear (for example, activity A4)." 2 Allocation of task types 3 "In some cases, it is unclear which type of activity (investigation, production, discussion) should we choose since it's rather a mix" 3 Activities allocation in the timeline 3 "The main difficulty faced was at organizing the activities in timeline and deciding how many times a specific type of activity should be repeated in other weeks or not." "(…) sometimes was difficult to assume how to divide the space according to the number of activities which we had" Activity tasks descriptors 4 Student's work (individual vs. collaborative) 2 "In class sessions with Q&A, whether the activity can be classified as collaborative or not." "In a lecture (listening), is this collaborative or individual? (…)" 5 Teachers' roles not clear 2 "It was also difficult to differentiate between the role of teacher as supervisor and facilitator." 6 Task types not clear 1 "The taxonomy for learning tasks and for teacher roles was not clear. I was specifically missing a task category of reproducing knowledge." 7 Collaborative task overdescribed 1 "Sometimes the triangles for collaborative activity were merging with the orange colour of the collaborative activity." Model elements alignment 8 Alignment between activities and timeline 1 "It was not clear how we should arrange the activity cards in the open space that was available in the page. It was necessary to align very well the activities in time among them, and then align them with the resources"
